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INTRODUCTION 

The se lec t ive  separat ion o r  p u r i f i r a t i o n  of gases, espec ia l ly  hydrogen and CO, 
i s  highly des i rab le  i n  processes u t i l i z i n g  product gas from coal g a s i f i c a t i o n .  
However, gas separat ion i s  a d i f f i c u l t  and energy intensive process. The develop- 
ment of new and innovative methodologies t o  se lec t ive ly  and e f f i c i e n t l y  separa te  
s p e c i f i c  gas components from mixed-gas streams would s i g n i f i c a n t l y  reduce the  cos t  
and complexity of product gas  production and processing. For example, e f f i c i e n t  H2 
separation from synthesis  gas could make coal an a t t r a c t i v e  fu ture  source of H2 f o r  
use as  a fuel o r  chemical feedstock. In addi t ion,  this technology could have a 
s ign i f icant  impact on processes not d i r e c t l y  associated w i t h  coal g a s i f i c a t i o n  i n  
which hydrogen i s  l o s t  in a waste stream. These processes include ammonia 
manufacture, reduction of meta l l ic  oxide ores ,  and hydrogenation of f a t s  and o i l s .  
Thus,  wide-ranging appl icat ions e x i s t  f o r  hydrogen separat ion and recovery 
technologies. 

Current separat ion technologies a r e  i n e f f i c i e n t  o r  non-selective. 
p le ,  recovery of H2 from Pressure Swing Adsorption i s  on the  orqfir of 80%. 
inef fec t ive  with feeds containing l e s s  than 50% H2. process f o r  CO 
recovery i s  highly moisture sens i t ive ,  requir ing removal of water from feed 
streams. Membranes a r e  inherent ly  energy e f f i c i e n t  but systems, such a s  PRISMTM, 
cannot separa te  H2 from C02. 

as s e l e c t i v e  agents f o r  the  separat ion of syngas components from gas mixtures. 
Transition-metal complexes a r e  known which reac t  revers ibly w i t h  gases such a s  He, 
CO, 02, and CO2. This revers ib le  binding can be used t o  t r a n s f e r  t h e  gas from a 
region of high par t ia l  pressure t o  a region of lower p a r t i a l  pressure. The selec-  
t i v i t y  of t r a n s f e r  i s  determined pr imari ly  by the s e l e c t i v i t y  of the metal i n  
binding a spec i f ic  gas. The nature of the  ligands surrounding the metal has a 
large influence on the  s e l e c t i v i t y  and r e v e r s i b i l i t y  and we have successfu l ly  used 
ligand modification t o  prepare complexes t h a t  have improved proper t ies  f o r  H2 o r  CO 
binding. 
examples of metal complexes under study wil l  be discussed. 

APPLICATION OF METAL COMPLEXES TO GAS SEPARATION 

For exam- 
PSA i s  

The COSORB 

The Pac i f ic  Northwest Laboratory (PNL) i s  examining t ransi t ion-metal  complexes 

Applications of metal complexes t o  gas separat ion and two s p e c i f i c  

Two gas separat ion systems which take advantage of s e l e c t i v e ,  revers ib le  gas 
binding by t ransi t ion-metal  complexes a r e  absorption/desorption and f a c i l i t a t e d  
t ranspor t  membrane systems. 
1 and i t s  operation i s  i l l u s t r a t e d  f o r  CO separat ion.  
en ters  the bottom of  t h e  absorber column and encounters a counter-current flow of 
solut ion containing a metal complex. Non-reactive feed gases e x i t  the  top of the 
absorber while CO i s  t ransported t o  the  s t r i p p e r  column i n  the  form of a CO/metal 
complex. Heat and an i n e r t  s t r i p p i n g  gas re lease  the  C O  from the  metal complex in  
the  s t r i p p e r  column. 
vola t i l i zed  solvent is  condensed and returned t o  t h e  system. 
containing regenerated metal complex i s  recycled t o  the top of the  absorber columpM 
and the cycle  begins again. 
process and allows f o r  continuous gas separat ion.  Any gas could be separated from 
a feed stream by this process assuming an appropriate  metal complex/solvent system 

A two-column apparatus used a t  PNL i s  shown i n  Figure 
I n l e t  gas containing CO 

CO product gas e x i t s  the  top of the  s t r i p p e r  column and 
The so lu t ion  

This apparatus i s  s imi la r  t o  t h a t  used i n  the  COSORB 
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spec i f ic  f o r  t h a t  gas i s  ava i lab le .  
l a rge  amounts of c a r r i e r  required and the  interference of s o l u b i l i t y  o f  undesired 
gases  in the  solvent .  

f a c i l i t a t e d  t ranspor t  agent, o f f e r  the poten t ia l  f o r  high s e l e c t i v i t y  and increased 
f lux .  This type of system i s  i l l u s t r a t e d  i n  Figure 2 f o r  H separat ion.  The 
dr iving force  t o  separa t ion  i s  a pressure gradient  across t2e membrane. Hydrogen 
enter ing the  membrane on the  high pressure s ide  reac ts  w i t h  a metal complex. The 
metallhydrogen complex d i f fuses  across  the  membrane where H2 i s  re leased i n  the  HZ- 
lean environment and product H2 leaves the membrane and i s  removed. A concentra- 
t i o n  gradient  d r i v e s  t h e  metal complex back across the membrane and more H2 i s  
bound the continue t h e  cycle. The function of the metal complex Is t o  a c t  as a 
s p e c i f i c  c a r r i e r  f o r  H and serves  t o  increase the e f fec t ive  H concentration in 
t h e  membrane r e l a t i v e  $0 the  undesired gases. Thus, s e l e c t i v i f y  f o r  H2 i s  high, 
allowing the  use of th inner  membranes resu l t ing  i n  a grea te r  f lux.  Permeability 
and s e l e c t i v i t y  i n  these  systems a r e  expected t o  be s i g n i f i c a n t l y  g r e a t e r  than f o r  
dry or l iquid-wet ted membranes, 

PALLADIUM COMPLEXES 

Potent ia l  drawbacks include the r e l a t i v e l y  

Immobilized l i q u i d  membrane systems, in  which the metal complex ac ts  as  a 

Palladium dimer complexes were evaluated f o r  t h e i r  a b i l i t y  t o  revers ibly bind 
Kinet ic  and thermodynamic data  f o r  these complexes (X = NCO, C 1 ,  CO (Equation 1). 

Br, I) ind ica te  t h a t  hal ide subs t i tu t ion  grea t ly  inf luences the  binding of  C O  (1). 
For example, t h e  equi l ibr ium constant ,  K ,  f o r  CO binding follows t h e  order  NCO > C1 > Br ) I where K f o r  the NCO complex i s  approximately 300 times t h a t  of t h e  iodide 
complex. 
i n  k-1, t h e  r a t e  of CO d i ssoc ia t ion .  

Spec i f ic i ty  f o r  CO i s  high. 
not i n t e r f e r e  with CO binding. HzS was found t o  reac t  i n  a nove? way t o  re lease HZ 
according t o  Equation 2 (2) .  

This d i f f e r e n c e  i n  equilibrium constant i s  pr imari ly  due t o  d i f fe rences  

Gases including C02, N 2 ,  H2, 0 and ethylene do 

I 1  I ’f I 
PIlZP, / PPI12 PhA’, /PPh> 

CHz 
CHz 

Equilibrium d a t a  f o r  t h e  bromide complex indicated s u i t a b l e  r e v e r s i b i l i t y  over 
the  temperature and CO pressure ranges of i n t e r e s t .  This complex was chosen f o r  

311 



bench-scale experiments in the absorber/stripper system shown in Figure 1 (3). 
Presence of the complex enhances transfer of CO by an order of magnitude and the 
system functions to separate CO from Np. With a five-component mixture (CO, CO2, 
H2, CH4, and N2) a combination of chemical complexation of CO and the solubility of 
C02 and CH4 in the solvent resulted in significant transfer of these gases to the 
stripper. Little H2 was transferred and an H2-rich gas stream was produced indi- 
cating the potential of this system for H2 separation from a low-btu gas mixture. 
A cost analysis indicated that the initial costs of palladium were not necessarily 
prohibitive but to compete with existing technology the lifetime of the complex 
must be at least one year. 

CHROMIUM COMPLEXES 

The reaction of H2 with [CpCr(C0)3]2 (Cp = cyclopentadienyl, C5H5) was 

It has also been reported that the pure 
reported by Fischer, et al. (4,5) to occur at 70°C and 150 atm H2 to afford the 
monomeric hydride complex CpCr(C0)3H. 
monomeric hydride complex evolves H2 when heated to 80°C, its melting point. 
initial objective was to determine the temperature and H2 pressure conditions 
required to carry out the reversible H2 binding in solution (Equation 3). 

Our 

R 

d a 

Derivatives of the complex were also prepared to study the effects of electron- 
withdrawing groups on the cyclopentadienyl ligand (R = C02CH ) on Equation 3'. 
investigation has demonstrated that the reaction of H2 with fCpCr(C0)3]2 is much 
more facile than previously reported. 
is complete before a spectrum can be taken. This dimer is found to react with 1 
atm H2 slowly at room temperature but faster at 65"C, reaching completion in 0.5 
hours. 
for 2 hours. 
inactive complex is formed. 
binding but regeneration appeared to be easier with 10% conversion at 90°C after 
two hours. 
in which two chromium centers interact. 
improved by 1 inking the cyclopentadienyl groups together, since hydrogen formation 
would then be unimolecular. 

Our 

At 10 atm and room temperature, the reaction 

Regeneration to the extent of about 5% can be achieved by heating to 100°C 

The substituted complex shows similar activity for H2 
H2 is rapidly lost upon photolysis, however, CO is also lost and an 

Regeneration may be difficult because it involves a bimolecular process 
It is possible that regeneration will be 

CONCLUSIONS 

Selective transition-metal complexes can enhance gas transport in gas separ- 
ation processes. 
of the ligand environment to improve binding characteristics. 
selectivity for specific gas components is attainable. 
not be prohibitively expensive. 

Properties of complexes can be tailored by chemical modification 
As a result, high 

In addition, complexes need 
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FIGURE 1. Absorber/Stripper Apparatus 
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FIGURE 2. Facilitated Transport o f  H2 by a Membrane Containing a 
Dissolved Metal Complex 
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